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1. Introduction

Researchers of various fields have studied speleothems. However, there is a few research of
speleothems distribution based on geomorphological analysis, although some surveyed caves with
a 3D laser scanner. This study aims to measure speleothems using a 3D laser scanner and analyze

the relationship between speleothem occurrence and geomorphological conditions.

2. Study area

The study are is the Abukuma Cave in Tamura City, Fukushima prefecture. The entrance of the
cave is at 622 m above sea level. Its total length is 3,104.2 m, with at least 149 m in relative
height. The cave has well-preserved speleothems because it is designated as a protected
monument in Tamura City. In addition the cave has large chambers, making it suitable for

speleothem research.

3. Field survey and 3D point cloud analysis

An inner space named Takine-goten in the Abukuma Cave was scanned by a 3D laser scanner
GLS-1500 (TOPCON) on 6 and 13 July 2012. Three-dimensional coordinates of 12,489,221
points were obtained. A point cloud was compiled using the ScanMaster software (TOPCON).
Using the Image Master software (TOPCON), the coordinates of 2,328 tips of stalactites were
extracted from the original point cloud manually. Points of ceiling of the Takine-goten were
converted into a 5-cm resolution DEM, and after removing the stalactites by filtering,

morphological parameters (slope angle and curvature) were computed.

4. Geomorphological analysis

The relationships between the number of stalactites, average of slope angle, standard deviation
of slope angle (Fig. 1) and absolute value of curvature were summarized at each 1 m resolution
grid cell using the ArcGIS (ESRI) software. As a general trend, the ratio of cells with stalactites
and the number of stalactites in each cell tend to increase where slope angle is intermediate, the
standard deviations of slope angle is high, and the absolute values of curvature is high.

The ceiling surface was divided into three areas (a, b and c¢), and for each area the measure of
spatial autocorrelation was calculated (Fig. 2). The result indicates that the slope raster shows an
autocorrelation but the curvature raster does not. The ratio of cells with stalactites, number of

stalactites in each cell, average of slope, standard deviation of slope, and absolute value of



curvature were calculated in the three areas. In area (a), a lot of stalactites occur at places with
slope standard deviation values of 20-30° and absolute curvature values of 1000-10000 m™. In
area (b), stalactites tend to occur where the standard deviation of slope and absolute value of
curvature are high. In area (c), the ratio of cells with stalactites and the number of stalactites in
each cell are the lowest among the three areas.

5. Discussion

Water does not concentrate markedly where slope angle is low, whereas water runs rapidly and
falls down without clear concentration where slope angle is high. Therefore stalactites tend to
occur where slope angle is intermediate. Stalactites develop well where the standard deviation of
slope is high because water concentrates locally under slow flow velocity due to frequent change
in slope. Water tends to concentrate at particular locations with large curvature. The values of
spatial autocorrelation suggest that slope reflects relatively large scale landforms whereas
curvature reflects more local characteristics. The result of this study suggests that characteristics
of landforms in different scales affect water flow.

Different geomorphological characteristics are found in each of the three areas (Fig. 2). The
relation between the topography of the ceiling surface and the distribution of stalactites is
relatively weak in area (a), because of the contribution of water seepage from the rock surface. In
area (b), flow velocity and water concentration on the ceiling surface are more strongly affected
by topography. This phenomenon is also clear for all samples because there are much more
stalactites in the area than the other two areas. In area (c), less stalactites occur because of the
low standard deviations of slope and low absolute values of curvature. However, there are some
thin and long stalactites like a curtain. Such stalactites have developed because change in slope is
small and thus dripping of water flow from rock surfaces is limited.
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Fig.1. Standard deviation of slope and distribution of Fig.2. Three areas of the ceiling surface
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